ABSTRACT
lymphomas has outstripped the general rise in systemic hematopoietic malignancy. In the West, the increase in the incidence of primary CNS lymphoma is attributed to the AIDS epidemic and most cases of PCNSL are seen in patients with immunodeficiency (6, 15) . However, primary CNS lymphomas are seen commonly in immunocompetent patients in India as has been reported in major series (25, 32, 33, 37) . We hereby analyze 16 cases of non-Hodgkin's lymphoma for their clinical features, radiological features, their histology, management and outcome.
MATERIAL and METHodS
This study was carried out at the Sher-i-Kashmir Institute of Medical Sciences (SKIMS), Soura, which is a 750-bed tertiary care centre.
All cases of primary CNS lymphoma diagnosed in the Department of Pathology from 2006 to 2009 were included in the study. The cases were analyzed for age, sex, clinical presentation and laboratory features. Details about lymphadenopathy, organomegaly and bone marrow study were obtained to exclude the possibility of secondary involvement by a systemic lymphoma. Besides the routine hematoxylin and eosin stains (H&E) and special stains, PTAH (phospho-tungistic acid and hematoxylin), reticulin stain, and immunohistochemistry was performed using CD-45 CD-20, CD-19 , CD-3, CD-5, antibodies for typing of these lymphomas. CD-10,MIB-I,Bcl-6 were also used for some cases. Nineteen cases of primary CNS lymphoma were diagnosed in the 3-year period and 3 cases were excluded from the study as they contained inadequate material for further evaluation. All cases were analyzed for imaging features and followed up for management in Neurosurgery, Radiation and Medical . B) Contrast enhanced CT scan axial section show a lobulated intensely enhancing mass along the right sphenoid ridge, which preoperatively was thought to be a meningioma (Case 5 ). C) Contrast enhanced CT scan axial section show an enhancing lesion in right frontal area with central necrosis(apoptotic steroid effect).
Oncology. Eastern Cooperative Oncology Group (ECOG) performance status was used to assess the clinical status of patients in outpatient departments on follow-up, wherein ECOG of 0 was accepted as fully active and able to carry on all pre-disease performance without restriction and ECOG of 5 was accepted as dead (31) .
oBSERVATIonS

Demography
The age range was 35 to 60 years and the mean age was 48 years. The commonest age group involved was 50-60 years. The youngest patient was a 35-year-old male. There were 11 females (69%) and 5 males (31%).
Clinical Symptoms/Laboratory parameters
The mode of presentation in decreasing order was raised ICP (50%), hemiparesis only (25%), seizures only (6.25%), seizures and hemiparesis (6.25%), raised ICP and hemiparesis (6.25%) and gait ataxia (6.25%). The symptom duration varied from 2 days to 3 months (Table I ) Hemogram and routine tests (i.e) liver function, kidney function tests were normal. All patients were HIV negative. Serum LDH levels were available in 6 patients and were raised in 4 patients.
Imaging features
A CT scan was available in all the patients and MRI in 9 patients. There were total 18 lesions in 16 patients. On plain CT scan, 13 lesions were hyperdense, 4 were isodense and one lesion was hypodense. All the lesions showed moderate enhancement on contrast CT scan. 12 lesions had disc enhancement and ring enhancement was noticed in 5 lesions. Lesions were single in 14 patients and multiple in 2 patients. Apoptotic
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steroid effect was seen on CT scans of one patient who after diagnosis of a mass lesion at a local hospital was started on steroids ( Figure 1C ).
The commonest site of the lesion was frontal and frontoparietal lobes (50%) followed by the cerebellum (25%). MRI scans in 9 patients revealed the lesions to be hypointense on T1W and iso-to hyperintense on T2-weighted images. All the lesions were associated with perilesional edema as noticed on FLAIR sequences. All the lesions showed marked enhancement on MRI ( Figure 2 ). Enhancement on MRI along the Virchow-Robin space was not seen in any of our patients. None of the lesions on imaging had evidence of bleed or calcification and only 1 patient had a lesion with a central necrosis. MRS was done in 5 patients only and it revealed Choline peaks in all the lesions. One case showed leptomeningeal enhancement but subependymal infiltration was not seen in any case.
Preoperative diagnosis was lymphoma in 9 patients, meningioma in 2, glioma in 2, abscess in 2 and metastasis in one. Out of the 9 patients in whom a preoperative diagnosis of lymphoma was made on imaging, 4 underwent stereotactic biopsy and confirmation while 5 underwent open surgery and confirmation of the diagnosis as these 5 patients had raised ICP features. Out of a total of 18 lesions in 16 patients, eleven lesions were seen on the left side, 6 on the right side and 1 lesion was involving the splenium with biparietal extension.
Intervention
Craniotomy and decompression of the lesion was performed in 12 patients and stereotactic biopsy was performed in 2 thalamic lesions, in 1 basal ganglia lesion and 1 lesion involving the splenium. Craniotomy and decompression were used in patients with lobar or cerebellar involvement.
Intraoperative features
Most lesions were firm, could be partly aspirated and moderately vascular. Four cases were diffusely infiltrating without demarcation from the surrounding brain. Others showed a clear-cut demarcation from the surrounding brain parenchyma. The dura was normal in all the patients, and there was no gross evidence of its involvement. Intraoperative diagnosis of a lymphoma/small round cell tumor on crush biopsy was made in 12 cases. In 2 cases the diagnosis of glioblastoma multiforme was made, in one case diagnosis was metastasis whereas one crush biopsy specimen showed only necrosis.
Microscopic features
Histopathology showed most cases depicted a monomorphic population of lymphoid cells with areas of necrosis. The characteristic angiocentric pattern was seen in most cases (12 cases) ( Figure 3A ,B). Individual cells were large with prominent nuclei. On H&E 12 cases showed immunoblastic morphology with few interspersed centrocytes. One case showed large cells which on crush was thought to be a metastatic carcinoma but Alk-1 and Cytokeratin were negative. Reticulin preparation showed concentric reticulin fibers around blood vessels. One case showed a mixed infiltrate and on histology was thought to be a T-cell lymphoma, however immunostaining revealed it as a B-cell lymphoma with infiltrating T cells. Yet another case showed a starry sky appearance because of the presence of tingible body macrophages, giving rise to starry sky appearance ( Figure 3C ), but MIB-1 labeling index was low. All cases showed a diffuse growth pattern, with patchy necrosis.
Immunohistochemical profile
All cases were positive for CD-45, CD-19 and CD-20 ( Figure  4A ,B). CD-20 positivity was noted with weak CD-3 and CD-5 positivity in two B cell lymphomas ( Figure 4C ). Bcl-6, Ki-67 was used for the case which was thought to be Burkitt's lymphoma. Alk-1 was used for the patient in whom the possibility of anaplastic large cell lymphoma was considered.
Adjuvant therapy
All the patients were subjected to radio-chemotherapy after surgical decompression/stereotactic biopsy and histopathological/ immunohistochemical diagnosis of lymphoma.
Depending on the treatment modalities applied, patients after surgery were categorized into:
1. Those who were treated with chemotherapy only.
2. Those who were treated by combined radiotherapy and chemotherapy.
3. Those who received supportive therapy only because of severe neurological deficits/poor clinical performance/ rapidly progressive disease /those in whom planned therapy could not be completed.
Follow Up
Follow up was done jointly in Tumor Clinic which is managed by the Departments of Neurosurgery, Radiation Oncology and Medical Oncology. Only 14 patients came for follow-up. The mean follow-up time was 9 months (range, 10-20 months).Outcome was analyzed by using Eastern Cooperative Oncology Group performance status (31) .Ten patients died on follow-up i.e., had ECOG of 5; 3 patients were fully active, able to carry on all pre-disease performance without restriction i.e., had ECOG of 0; and 1 patient was restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature i.e., had ECOG of 1.
dISCuSSIon
Primary CNS lymphoma is a rare form of non-Hodgkin's lymphoma that occurs within the craniospinal axis and accounts for less than 5% of all primary brain tumors. It is defined as lymphoma occurring in the brain, leptomeninges, spinal cord or eyes without evidence of lymphoma outside the CNS (4). The majority of PCNSL tumors are high grade B-cell lymphomas, despite the fact that B-cells are absent from the normal brain (4, 16) . During the past 30 years, the incidence of PCNSL has increased dramatically in all age groups (39) . A primary factor responsible for the increase has been the human immunodeficiency virus epidemic (4). Patients with AIDS develop PCNSL at a rate 3600-fold higher than the general population and have a lifetime risk of CNS lymphoma that approaches 20% (11) . There has been an increasing incidence of disease among immunocompetent individuals which appears to be independent of overall trends in the incidence of brain tumors and NHL has outpaced the milder increase in systemic lymphomas and remains essentially unexplained (35) . The reasons for this increase appear to be environmental factors unrelated to the heightened awareness or improved diagnostic modalities.
The Kashmir valley is distinct geographically and culturally from the rest of India (36) and the cancer pattern is also different from the rest of India. In our 3-year analysis, we encountered 16 patients of primary CNS lymphoma involving the brain and all patients were immunocompetent with normal CD-4 counts. Kashmir valley falls in a low prevalence zone for HIV (22). Studies on CNS lymphomas from other parts of India have shown that the majority of PCNSL's have been reported in immunocompetent persons (25, 32, 33, 37 ). Sarkar C et al. (37) had one HIV positive patient and 1 patient with a renal allograft in a series on CNS lymphomas. Powari et al. (33) had 2 patients with renal allografts. In spite of the increasing number of HIV positive patients elsewhere in India (23), the incidence of PCNSL's in these patients has not been found to be increased. A positive explanation for this could be that AIDS patients die earlier in India due to opportunistic infections (37).
The youngest patient in our study was a 35-year-old male. The mean age of the patients was 48 with a range of 35-60 years. Out of 16 cases, 5 were males and 11 females and the male to female ratio was 1:2.7. The female preponderance seen in our cases has not been noted in other series from India (25, 32, 33, 37) . The female preponderance seen in one study needs to be evaluated further to know if hormones have a role to play in the causation of the PCNSL in Kashmiri females, making them susceptible to this tumor. The Kashmiri population is also a distinct ethnic population separated from the rest of the country by tough geographical barriers and needs to be seen in the light of a genetic predisposition of Kashmiri females to the etiological agent causing lymphoma.
Further studies are needed in this regard. In our series, the age of presentation is less than the usual age of presentation of PCNSL in immunocompetent persons. The highest risk group for patients with primary central nervous lymphoma is 60 years but the typical age at presentation is younger in patients with AIDS with the common age being 31 to 36 years (6, 20) .
In a study on 9 patients by Mattei TA (27), 62.5% of patients in the study were females. In a study on 164 cases of primary CNS lymphoma in immunocompetent patients by Feuerhake F (19), the mean age of patients was 61.7 years with a range of 28-84 years. 54.3% of patients were males and 45.7% were females. The duration of symptoms varied from 2 days to 3 months.
In our analysis we looked back at our data available in the Department of Pathology and found that only 4 cases of PCNSL were diagnosed from 1982 to 2005. These cases had insufficient clinical data and could not be included in the present series. On comparative analysis, 16 cases in a 3-year period indicate improved diagnostic measures and also point out towards an increased frequency of PCNSL in immunocompetent persons which is a reflection of an overall increase in PCNSL frequency as noted globally.
The most common presentation was headache and vomiting, seen in 8 patients (50%). This was followed by focal neurological deficit in 6 patients (37.5 %). Two patients presented with seizures and one patient had gait ataxia. Patients with PCNSL present with neurological symptoms and signs rather than systemic 'B' symptoms such as fever, weight loss and night sweats (4). None of our patients presented with B symptoms. In a study on clinical presentations of 248 immunocompetent patients with PCNSL, the authors reported 70% of the patients had focal neurological deficits, 43% neuropsychiatric symptoms, 33% increased intracranial pressure, 14% seizures and 4% ocular symptoms (3). Some studies have reported disturbance of intellectual functions and behavior problems as the commonest symptoms in supratentorial PCNSL's (24).
Focal motor or sensory neurological deficits have been noted by Feuerhake F as the commonest symptoms of PCNSL in his series (19) . Eichler FA (16) noted focal neurological deficits in 70% of immunocompetent patients with PCNSL. Generalized seizures were relatively rare as an initial presenting symptom as in our study where only 2 patients presented with seizures. Multiple lesions were seen in 2 cases. Eight of our patients had the tumor localized to the frontal or frontoparietal lobe and 4 patients had the tumor localized to the cerebellum. Most of the lesions were on left side (Table I ). The literature reports the frontal and parietal lobes as the most common site of involvement (9, 27) . PCNSL lesions are primarily located in periventricular areas involving the thalamus, basal ganglia and corpus callosum in 60% of the cases. The cerebral lobes are involved in the following frequency of order: frontal lobe 20%, parietal lobe 18%, temporal lobe 15% and occipital lobe 4% (2) . We also noticed the frontal lobe to be a favorite site. Four cases of cerebellar lymphoma were seen, of which one was multicentric. The cerebellar lymphomas had a male to Primary central nervous system lymphoma has a characteristic appearance on both CT and MR imaging studies (12) . The masses most commonly appear isodense on hyperdense on CT scans and enhance on contrast. On MR imaging, most lesions are hypointense to gray matter on T1-weighted images, iso-or hyperintense on T2-weighted images and enhance moderately to markedly after contrast administration (16) . Linear enhancement at the margins of a lesion, tracking along the Virchow-Robin perivascular spaces, is highly specific for PCNSL (37) . A higher T2 signal is often seen surrounding the lesion and extending along adjacent white matter tracts, representing tumor-associated vasogenic edema. Lesions may appear hyperintense on diffusion weighted images and apparent diffusion coefficient maps because of the relative restriction of water diffusion within PCNSL, a characteristic shared by acute ischemic strokes, cerebral abscess and several other high grade neoplasms. Evidence of hemorrhage, calcification or necrosis within a PCNSL lesion may be seen, but is rare before treatment (16).
In our series on preoperative imaging, we made a diagnosis of lymphoma in 9 patients, meningioma in 2, glioma in 2, abscess in 2 and metastasis in one. Frontal lymphoma simulated a meningioma on imaging in one patient. We had two patients with multiple lesions though multiple lesions are rare in immunocompetent patients with PCNSL's and are often seen in patients with HIV (3, 15) .
Brain biopsy remains the gold standard for diagnosing PCNSL (16) . A diagnostic pitfall in the evaluation of brain biopsies (2) for lymphoma occurs when the patient has received steroids prior to the biopsy. Steroids induce apoptosis of lymphoid cells and can deplete the brain tissue of neoplastic infiltrates within 24-48 hrs, leaving behind a milieu of gliosis and relatively few reactive lymphocytes and/or macrophages. With time however, the lymphoma becomes resistant to steroid treatment possibly through selective growth of clones exhibiting steroid receptor deficiency or through a postreceptor defect in apoptotic pathways (19) .
Out of 16 cases, 15 were B-cell lymphomas, all exhibiting an angiocentric pattern on histology with positivity for CD-20 and CD-19. One patient demonstrated an atypical starry sky appearance with many tingible body macrophages but did not stain for Bcl-6 and MIB-1 was low. The patient succumbed to the disease within 2 weeks of diagnosis. One case of cerebellar lymphoma showed a polymorphic lymphocytic infiltrate and on immunohistochemistry was positive for CD-20 and weakly positive for CD3 and CD5. This lymphoma showed an aggressive clinical course and the patient succumbed to the disease within 1 month of surgery. T-cell lymphoma arising from the cerebellum has been reported (14, 38) . The prognosis of these tumors remains unfavorable despite their sensitivity to irradiation and chemotherapy (24 PCNSL is highly radiosensitive. Median survival improves with radiotherapy (21) . The optimal dose of radiation is controversial but the Radiation Therapy Oncology Group concluded that a dose of 40-Gy to the whole brain and 20-Gy boost dose to the tumor and its margin should be administered. Spinal irradiation is indicated if cerebrospinal fluid cytology suggests spinal dissemination (30) .
Whole brain radiotherapy, the standard therapy for PCNSL for many years has largely been replaced by combination chemotherapy with high dose methotrexate and radiotherapy. Chemotherapy has a definite role. Patients who receive both radiotherapy and chemotherapy have longer survival (34) . Chemotherapeutic agents often used are methotrexate, corticosteroids, vincristine and cyclophosphamide. Among these, methotrexate readily penetrates the blood brain barrier and has shown promising results (7, 13) . The intrathecal route has provided the best results for methotrexate (26) .
Chemotherapy should be given before radiotherapy. Advantages are that the side effects of methotrexate get ameliorated if it is given before radiotherapy (8) . Younger age is associated with favorable survival (19) . In our series, a 35-oldmale patient survived the longest (20 months). The prognosis for PCNSL is worse than for other extranodal lymphomas.
Relapse occurs in almost all cases.. Ninety-percent of relapses occur within the brain. Treatment is primarily palliative (1). The overall prognosis of PCNSL. lymphoma in our patients was not good in spite of combined chemotherapy and radiotherapy. The longest follow-up was 20 months in a 35-year-old male.
PCNSL is an enigmatic disease of uncertain origin (18) . The association of Epstein Barr virus with PCNS lymphoma in patients with HIV is well known but its association in patients without HIV infection is not documented (10). It is not known whether the relationship between EBV and human lymphoma is causal or purely coincidental (29) .
Genetic studies, viral studies and other molecular studies are required to find the nature of occurrence of PCNSL in the Kashmiri population. Primary CNS lymphoma is more frequently diagnosed in this population and all cases reported are immunocompetent. In the West, there is an increase in the frequency of PCNSL in immunocompromised and immunocompetent persons but these have not surpassed the glial tumors as the most frequently diagnosed brain tumors (5) .
ConCLuSIon
The distinctive features of our study were:
1. Primary CNS lymphoma was seen in immunocompetent persons. None of our patients was immunocompromised or HIV positive.
2. PCNSL was common in females.
3. The age of presentation was relatively younger age with a mean age at presentation of 48 years.
4. The fronto-parietal region was the commonest site involved and the cerebellum was not an infrequent site of involvement.
5. Raised ICP features and focal neurological deficits were the commonest clinical presentations.
